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(57)Abstract: 

PROBLEM TO BE SOLVED: To decrease an impulse 
response coefficient estimation error with less 
calculation amount faster than a conventional method. 
SOLUTION: An attaching signal gn(un(k)) is added to an 
N channel received signal un(k)(n=1 N) to obtain a 
reproduction signal xn(k)=un(k)+gn(un(k)) and to create a 
reproduction signal matrix X(k) of vectors representing 
reproduction signals obtained so far. Furthermore, a 
correction signal Zn(k)=aun(k)+ gn(un(k)) is created, 
which results from an emphasized attaching signal gn(un 
(k)) and the correction signal is converted into a vector. 
A corrected basic vector zn(k) by multiplying a factor a 
(0<a<1) by a received signal vector is used to generate a 
vector z(k) so far and a vector e(k) (a vector difference 
between an acoustic echo and a pseudo echo) is 
multiplied by the vector z(k) to obtain a corrected 
vector dw(k) and a vector /*dw(k) (ju is a step size) is 
used to update a coefficient of a pseudo echo path filter. 
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*hA/*, ttJta<B^-<* KA/fcSKHl^* h/W:fr& 

IKE"** h;b^46S#Si:. 
±.imiE^? hA/*fflvvc, ±IB!»ttx=i— 

A>*a« (0<a<l) LTttfiOflW** HbtftW*- 
1 0 ] «#Jg 8 BttDSeWciB^T, 

-<^7h;l/£Dbe (0<b<l) *SL?|v^T±E«EiEffl 
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[0002] 

[flE3fc©&ffi] jS^Of^^^yh?-*^^ Hi 

•o«(ii*«F9fl:a«ojiSK «fc *> . ^ox^s^tc 

Bfc/W^OtJtottft&Bi:**. N (2:2) 7-v*ri/0 

S§I->XfA(i, 0 1 \C7r<tH 5 &mmc& *) gfx 
3-ofS**ff -5. HI^SSMSMK 1 1 1 1 h j!p5<D« 
sS{l^CiSXtf-A2i ~2n T-gg<l^i:LTif££ 
tU &N{l<7)^gxxi— IgSg 1 0i ~1 On ^gTSv 
Y^o^>3» (m=l. -. M) icIsJOiitfo SfSOUJ 
©^N^+S./l/OSHSiSrfli ~1h fc. M^ + ^/loM 

[0 0 0 3] ±IBN^-v^.;l/X3— ^+>-tr;bgP4 

. (m= 1 , M) (OffifcZm 2 tc^-r 0 N^-v*;!/ 

«#§fg<t^xi (k) -xn (k) imm^-m^ 
gum* ucxii^tirmm^-m^ti^^ti, u. 

io ©iKs«^y (k) twST'fe^sse^ cmmm^} 
OTRoastu co«ffl«^x3-«isaBeaiJ4 3Jc 

-«^*»4 1 {i-ast>'-i';b^T'«fi!c*n. 
- I ->'l/^co^i!(^aixi-iSSgli^g|5 4 Stc^O^^iE? 
ns, cti6!Wilx3-fl*|S)S»4 K teitfxa- 

[0 0 0 4] j||S<0ii«#»T-(i> ^<©^1A£0IS 

^■TLfe— 5cL^V>Ci:A^?>nTi3'3. XSW.M. Son 
dhi, D. R. Morgan. andJ. L. Hal I, "Stereo-phonic Acousti 
c Echo Cancel I at ion- An Overview of the Fundamenta 

1 Problem," IEEE Signal Processing Letters, vol.2, 
no. 8, pp. 148-151 (1995) kliEBHCIB*? SntV>5. 

2 nfcx=i-H3eWtt i: K«DX3-e^tt^-gf L T 

50 tasBHaqeftr* t^Mtsx3-^isns< * 
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0s isisfc^fcUTttiftcasasttss**^!;** 

CO 0 0 5] C<DCt%, 0 1 O^mlR^-V *;HC«j 

Tit&S. N*4r*>UAafl»*x« < k) ""' x 
n (k) . HMf«ttfcflra*y (k) , »n*-**/l/ 
(n=l. -, N) OH*»2n A»6IR*»3- $t<D 
gfX3- igSgl On (D-O'^l/XtS^Srhn (k) x 

y(k) = Zi=o 1 -' h«(i)xi (k-i) +• •+£i=o L -' h 
n (i) xm (k — i ) 

h n= [hn(0) ••' hn (L — 1 ) ] T 

X n(k) = [Xn(k) - Xn(k-L+ 1) ] T 

h = [ h i T - hN T ] T 

x (k)= [ x . T (k) -■ x n T (k)] T 

[0006] y (k) = h' x (k) = h. T x 
i (k) -I 1- l"i m t x n(k) 

0. iR^nSffi^fy (k) ^N^-v^A^ft^xn 1 
(k) fr6WBx3HI%«f4 1 fc*!> W*. 
^BUKiR^Snfcfi^fc^WS^W^S e *J«fctf » 

*§©e*VhS < * ? tcxn-HSSai^SP 4 3 T% « 
(«XZi-{i#^fiStgi5 4 1 J:SdctS7^;W©«w 

(k) tf&^iEsnSo 

[0 0 0 7] il^cDN^^^-^X^fl^^ 
$THt*rS*HC«fc9, NLMSS, SJ&SU RLSri 

[0 0 0 8] 
[fSl] 

i=P 

.dw(k)=5>l x < k - i + 1 > 



i=l 



= [x(k)-x(k-p + l)] 



[0 0 0 9] <0<fc?Ci*iE^^ Wl'd w (k) tfite 

y (k) = w T (k+ 1) x (k) 
y (k-p+1) =w T (k+1) x (k-p+D 



*»ftt»57-f/l'>Mltw (k+1) =w (k) 
+ dw (k) COfKE^* h/1>d w 

(k) 

X (k) = [ x (k) - x (k-p+1) ] 
e T (k)= [y (k) -y (k-p+D ] -w r 
(k)X (k) 

c = (X T (k)X (k))"' e (k) 
d w (k) =X (k) c 

fcstrwckoa&n*. x u) awji^fh* 

/o fr&fcSAfca^frW'T?*^ e (k) ttiRSflWfc 

yizMlkvmmm^y (k) -w T (k) ?c (k) 
fflV^T. 0 2Rt/l23{c^-rJ:'9^^-v^;l/X3— +• 

fctfrtc 0 ~ 2 £ 3 Xf v X ft £/Bl^T 
w (k+1) =w (k) +ftX (k) c 

[0 0 10] U±©*£fl*WUI#. iZ^* 13 
20 -«BffiBtf»4 3T-t7ton5o §#X3-^ES}f^g|5 4 

3pyeti, @3ic*tJ;5ii:> AAlf ff»«4 3 

lfcTAflfc^xi (k) -xn (k) fr6X*«Wf 
*JX (k) *«fejSSnS. R36^^ h;Uft«»4 3 4f 

iE^s»msP4 3 z-eamuMm^f wi/ e txtim 
*f?5»jx (k) *^*iE«» c itnmtZo y<rfi>* 

flaB3EW95 4 3 3fli, »jEG3& c kA*«^trWX 
(k) i:A^fiE^^b^dw (k) £r;£#K jSJS"? 
-rrt^&SStw (k) *Wftt&, **3*ULh©»* 

jo T^=r"J XL.ttm^zm&amm^ h/umm* 3 4 

3„ kc5t?5ajS7-<;V^^S©«iEffii:UTCDNLM 

5o *BciR*«nfe«^y Ck) 4 A/**-*. 

Q^mznrcm^toyMe (k) 

e (k) =y (k) -Zn=i M wn T (k) x»(k) 

d wn(k) = e (k) x.(k)/I»=i" x« T (k) 
x n (k) (n= 1. -. N) 
40 ^46. &=f-*%.)V<Dmfc7'(A>* i £ 

w.(k+l) = w» (k)+(idw (k) (n = 
1, — . N) 

fc*Djg*w-So rcrcbwn(k)tig^lSL<o-<^h 

ffSfci&U:, XSKE.R.Ferr 
ara. "Fast Implementation of LMS adaptive filter 
50 s. " IEEE Trans. Acoust. Speech. Signal Processing, vol. 
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ASSP-28. pp. 474-475(1980) -?«JgSftT^£SJfc7Vl/:J 
UXA (ttTFLMSSkBt) tt. iS/S^/b^H 

k TSSjS:7 -r *<M«r*n* fc * 
d wn (k) = Zi=o L - t e (k-i) xn(k-i) 
(n= 1. N) 
O<fe3a«ii*am«c<fe0«iE^* hd/d wn(k)£: 

3o COFLMSSC, £6 {C^cmO. Mansour and A. H. 
Gray, "Unconstrained Frequency-Domain Adaptive Fil 
ter," IEEE Trans, on Acoust, Speech, Signal Processin 
g, vol. ASSP-30, No. 5, pp. 726-734(1982) TffiSgS tlTl/> 

B;7-r;l/#©iR*Wttt4Sl&{tbft<a*o ccm ^ 
Xii l m*5iJS:7>r;i/*ii:afeftjasMfrcDF lms£ 

Attt, S8j£:7^/l/*gjyL Overlap-save^ 

F T LTteSf 3 C £ T\ %^0ffi^£&»tt)HQ&£: 

Co 0 1 1 ] xf7^i 

^^^;l/<OA*fi^xn(k) (n=l, N) £\ L 

v>7)\,nicmz 2 Lcoxtim^* hMcruy tit 
s»ft*»ic»ofTMXnf (k) **a-r* 0 3fc££: 

>Cnf (k) =diag (FFT ( [xn(k-2L+l), 

xn(k)] T ) ) (n=l, N) 
tm&Zft&o /c/clSSF FT ( x ) te^t 
x^FF TK*r*Bi»-Cfc*o S rcSSd iag 

fc-r*fTWtc*8i*nso -ra*^ x « [x en 

— x (2 L) ] T CD£^ 

0 0 

0 . i 

. 0 
0 — 0 x(2L) 



diag(x) = 



[0 0 1 2] Xr-y-fZ 

mvammvxnf (k) tw«f (k) saw-set 

%o *LTff-JWS**i8!F FT (I FFT) fflil, Elf 



PWTOI^^ y ~n (k) (n=l, 
N) *t#£ 0 

y ~ n ( k ) = [II Ol] IFFT (X 

nf (k) Wnf (k) ) 

/c/clwnf (k) (n=l, N) imm%L2L<D 
«iR»^^h;l/T«»). iFFT^LTM*Lffl*IR 

tc*^ 0 SfcOi tt L x L O^ffT^k I l CiLxL 
0*ttfr*l'?««. 

h;i/y "n(k) (n= 1 , N) £r*P^L 
T> 8«X3-fl|§(0^*h^y ~ (k) £rf#3 0 
y * (k) =Zn=i« y ~ n (k) 



KTiBWflW** y (k) ^^(HJin- 
<D«^*h;I/y " (k) fccDM^6^S«^^ h 

F F Tfc* DH«R«Wfc»r*o 
ef(k) = FFT ( [0, 0, y T (k) - y 

T (k) ] T ) 

20 /cfcU y (k) - [y (k-L+1) - y (k) ] 
T TfctK FFT [ ] ^O^LltfeO, e 
f ( k ) ©B«»Sr 2 L fflHCf *fc#T**o 
CO 0 1 3] XT7y5 

;l/dw«f (k) (n=l, N) ^r^fe^o 5fe"TiX 
T<D<fc-5^ >C*nf (k)t o f(k)0«*!F FTU 

vnf(k)=[Ii Ol] IFFT (X 
*nf (k) O f (k)) 
50 /c/clff«X%f (k)©*J«»ttfT5iJXnf (k)*« 
»««*«!aT*a&* 0 *te v nf (k) T <Df£tcL<BO0 
£rga6TF F T^rff 3o 

d wnf(k) = FFT ( [vnf T (k),0, 

0] T ) 

Wnf (k + L) =Wnf (k) 4" IP (k) d Wnf 

(k) 

frMF* (k) (4. iglE^h/bd wnf (k) *»iE 
HS3] 



P(k) = diag 



([ 



p(k4) + 5 p(k.2L)+5 



P (k,i) = p P (k - L,i) + (1 - p)£ l T(X rf (k).0 1 2 (i = 1,- - ,2L) 



XT^§c iST OCnf(k). i) (ffiMXnf(k) 

50 i) MR*5l*W-ro firM F (k) OJtftB 
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m(Dftmc&£ti&p (k, i) (±, mftsu&tocrtic 
**«>fcfe<o-efeSo ««#«#oicft*ci:;&ffiitr 

7-<D*&ftlp (k-L, i) £<$m(Dm$M;*y-£<D 

wnf (k) icimip (k) zfrifzctizxiim^ 

3 0 X3-«gSOWtttt. ®i»i«T*wnf (k) 
(n=l, ■« N) tLTS^Wo C(0^h;^ 

mwvmw&i*. NLMsam nl (2L + 4) t 

fe^o — 2u F L M S at^g^^^SSOilli^N 
L (1 0 1 ogL + 8) 7?feSo ^**/l/=SD<D3ajfS:7 
^;^l^L= 1 0 2 4 W§i:f, FLMSS^I 
««NLMSStf)*?J5. 3%lcftD, *»j!!I^peic 

[0 0 14] B l *ON^t*;l/X3-++>-fe;MS4 

■a. f LMsat^^4tc^ts^a?n§o ^ 

n^*/WDA^ft^xn(k) (n=l t N) 

^ cfc 0 JB«aR««T?7 -r ;i/#«Hl» 

«BHSAtfFTKSH|S4 6n (n= 1 . •**, N) 

.(k)«qv&n«« «#^*h/i/ftjj(»4 7-ea*«9 

«FlB««"CO»(ttX3- y " (k)*WlHS*i* 0 HZ* 
fl#y(km. rny^ft»4 8lcTLffl^^ 

(SS8) fc^D-yirffcSnSo TF««»4 4n»itf 
iR*e^oyn-y*ft«4 8«4. ^A^ft^i:iR^fI^ 
©IWcBmoXUtf J: 3 IcA9«7d *y ^ffc 

y (k)A^B«X3-<Df^h;l/y ~ <k)tf3l 

T FKWB5 1 *CTH«a»««OK»B^^ Wl/ e 
ff(k)^\as«*n*o 7-r;l/*flHRM«fW5 2 n (n = 
1, N) TFgJH84 4nA^OX 

nf (k) £ FTS««5 1 fr6© es f (k)*fllV>T\ 

-r;l/*Jtt38B4 5 n (n=l, N) KJ£#££n£o 
4*Xfy^6TOfTMP (k) OtHWc 
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;l/#<D>Cnf (k) (n=l, N) Si&fifctS 

COO 1 5] tC5T»A*J«*©^lr*>WlllO«S*BB 
tf— £T**vM§*fcttAa*«*M>IB«y (k) = 
w T (k) x (k) W/ctw (k) tftRRffiBE-r 

+ V-fe^^A^Bti t^fffiAW 7 - 5 0 0 0 
2. 5CS^S. Shimauchi and S. Makino, "Stereo Project i 
on Echo Canceller with True Echo Path Estimatio 
n, " Proc. I CASSP95, vol. 5, pp. 3059-3062(1 995) ICTJS^ 

20 OT*t*t*¥Stbt, £SUBenesty.D.R.Morga 
n, and M. M. Sondhi, "A Better Understanding and an I 
mproved Solution to the Problems of Stereophonic A 
coust i c Echo Cance 1 1 at i on, n Proc. I CASSP97, vo 1 . 1 , 
pp. 303-306 (1 997) Ttt. SBB«&#HtSHft?tt9 L 

[0 0 16] 

mk^sntfe?), NLMsawm flm 
ic a, * * /wfflffistBHoas v ^se«^^ s ^ie^ * 

[0 0 17] ^BRtcaffl->^iL/— >a V«ffofetSK 

U>y«tttt*8 kH-zKRSU ^Sxzi-SSSfcL 
TgeSBSfia 2 0 0ms <0»«T?**J LfeSrte»B8»* 
7 00^7ym^tgfx^-^Mlfco «s 

mm-i£(D2***;u&mm^ui (k) . ua (k) 
8«»i*»r*i:f«utift. aus^Y/i/^o^y 

^Stt 1 f + 0 6 0 0 * y yitKS ig/ST;l/ 
3VXA£l,T2&M& (p = 2) ^X-r^y^-9-^X/i 
= 0. 5T^fflLfc 0 
50 [0 0 18] fflMSElMaSlCti:. XiRP. Eneroth. T. Gaen 
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sler.S. Gay and J. Benesty, "Studies of a wideband s 
tereophonic acoustic echo canceller." Proc. 1999 IE 
EE Workshop on Applications of Signal Processing t 
o Audio and Acoustics, pp. 207-210(1999) T'ffl^tlT 

gi (u (k))=d (u(k) + I u(k) l)/2 
g 2 (u (k) ) =d (u(k) - I u(k) l)/2 

xi(k)=ui(k)+gi(ui(k)) 10 

X2(k) =U2(k) + g2 (U2 (k) ) 

k&3o xi (k) . x2(k> %imn*km^tv$x 0 * 
tectum, mm^twnmmt^n^ti 

XJL (k) = [U!(k) -Ul(k-L+1) U2(k) - 

U2(k-L+ 1) ] 

g (k) = [gi (ui (k) ) -gi (ui(k-L + 
1) g2 (U2 (k) -g2 (u2(k-L+ 1) ] 

[0019] mm^mymzmm litems (b) tmm 

b**^te«^ (A) o3tofi7-r;l/*o«tfitt«*H6 20 

JSS^SKOIS&LT h t^XW5^/c^^ h 
71/ w' (k) fc<0ffi**KS§ 
I hi - w' (k) l/l h I 

ttftUftV^W^tta^TftO. 1 O s»Tfc-7 d 50 
[0 0 2 0] CO»WO»lOB«ttfSe*«J:0«>«»« 

[00 2 1] 

^T7C©»8«*lc**-r««Beo (k) £*§5*§ 
H«»Ofc«)<Df*jta«#fc:ft*'r*Ra6e.(k) . o£ 

eo(k) = ( h - w' (k)) T u (k) 
ea(k) = ( h - w' (k)) T S (k) 
Oi§/^7-4^0 7 ht-££S7cD£?lc;S:oT^ 
£0 jftffttf eo (k) . Hffttfei (k) T*fe£ 0 f*40« 
^gn (un (k) ) (n = l, 2) cDM^/^y— &tc<D 
SISM^un (k) (n=l. 2)^^-18dBi: 50 



^2 0 0 2-2 2 3 1 8 2 
12 

SJK-r^RSS^O/^-ei (k) ttSBSfUflc** 

t^Rifito/w-eo (k) fc«(fra«"P»So -r 

&;b^> g*My (k) -w T (k) >: (k) 'xOttftP 

So 

[0 0 2 2] L**U Wia6*p=lTlfflLfcl:*, 

-rat) % n l m s jiT-asas? * >i*<Dmmz 

w (k+1) = w (k) + /i e (k) [ ( u (k) + g (k) ) 

/ 1 u ao+ & (B l 2 ] 

^(DmiE^ h;l/^0*^ttMS«^©tt- l 8 d BJc 

[0 0 2 3] *ctco»«i?I4. f*4n«#fc«BHl# 

vM8ffifflfi*^*Wl/ z (k) *SISm#i:f^ftP<l# 

Ofc^HBIEfflS*^* Wl/ z (k) <DHRU: LT 
z (k)=au (k) + g (k) . 0<a<l 
38HLfcfKEffl»*^h/l/ z (k) *r^<HK®&& 
/l/m«S«HO/h*v^jE^*h/l/*5fe«Tf**o o$ 

0. fte«#Un(k)fc«4P«^gn (Un (k) ) tftt 
Xn(k) = Un{k) + gn (un (k)) 
Zn(k) = a Un(k) + gn (un (k) ) 

x n(k) = [ x n(k)'" x n(k — L+l)] T (n 
= 1. N) 

Z n(k) = [ Z n(k)- Z n(k~L + 1)] T (fl 
= 1, N) 

y (k) kOKIOTe (k) tt*a"P*»6h4. 
e (k) =y (k) -In = 1 N Wn T (k) X n (k) 

SaCAOSft&tlSo dwn(k) = e (k) z 
n(k) (n= 1 . N) 

commit bMc&o&^+^vcDmia&mm&o)* 

W n (k+ 1 ) = W n(k) + /id W n ( k ) ( n = 1 , 

N) 

CO * Z S * SS "T ^ 9 p< — * ^ o 
[0 0 2 4] *fc»*«*J:0f«W«««W!>JtW* 
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%\,^-7bJl z (k) »c<fcO. %.<D£ : ?lc®iE'<? b 
fid w (k) %&ibTi>£i<\ d w (k) 

^^h;uz (k) - z (k-p+ 1 ) ommmt^ 

y (k) = w T (k + 1) x (k) 

y (k-p+ 1 ) = w T (k+ 1 ) x (k-p+1) 
*ffifc-t®iE^t bMt, 
X (k) = [ x (k) - x (k-p+1)] 
Z (k) = [ z (k) • - z (k-p+1 ) ] 

e T (k)= [y (k) -y (k-p+1)] - w T 

(k)X (k) 

c = (X T (k)Z (k))"' e (k) 
d w (k) =Z (k) c 

w (k+1) =w (k) +jtZ (k) c 
tCtO. mi&7 * 

[0 0 2 5] -D$it)£<£>5%ffll l c&til£ (A) N?-**/!/ 

n^ff^e^^-n^n^u (b) ccos^m^ 

{ttxr3-££,£U (C) N^*;l/<0|f£<I^#x:3 

ML?KcfeiSi3-i£*m\ (D) Igia 

m^^miE^^ h;l/**46, (E) ^-cd^IE^^ 

i: ^ -5 7.7- v <£ 0 &=f-\ */l/«»x3— JB4«rff 
v\ IffcccofgUB© l ^-efiiiex-r^y (D) 
(D l ) f*jta«^* h;l/i:SsS«^^ hfrfrZ. M 

^h/i/Sr^/su (D2) ^(omsEmm^^ h;i<Dm 

*>7.7-V?>k<3tS<l£1*&\,\ 26(CAf'vy (D 1) 
iCfcl^T, ggSfg^^ h;U£:a{g (afiO- lcDffi) 

L-ctt*mi*K<* hMchaWLrmiEmm^^ but 
f^saa, ii<(i (Di-a) mam^t b>it& 

b iMDMBm^t b iWD bfg ( b It 0 ~ 1 <0{I) 

coo2 6] c<Df%m<om<onffi&mic&tiismRma 

icmx?z 0 c(Dm-etim£.m^x»(kj = Un (k) + 
g n (un(k) ) *m%fffl&.mzticm®.&ffimc&m 
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#S&H£:fT&l/\ ^fM^^f|^bTMficD®<Wxn 
-^fi!cL (NtigfS^+*/I/gt\ MtiHSrtf*-**^ 
») > ^Sxn-fI^i:^{ax3-li^cD^Mfl^S 

[0 0 2 7] 

[fgW^^fifi(D^] jHflSfflJl 

N (>2) ^*/l/CDfS£&fcM (>1) ^^^./I/WIR 

-^•v>-fe;bgP7. Kit. gmm^t. ?<D&M&mm 

Xn(k) =Un(k) +gn (Un(k) ) (n=l." 

N) 

*<»«X3-«*£jSas (®<K5»!IK) 7 1 

nT«fcix=i stu ms§§7 2tc<to®« 

x:3-{f^i;v^a*>3a, A^WiK^li^y (k) 
fcOJS-pfcSKSSe^e (k) A^i6?,n. C<D^g(l 

(k) *^xn— SSSJi^gB7 3lcD§S^nSo 
[0 0 2 8] xn— ^SSlt^gP7 3rt&. 12 1 0<D£o 
lC&r>T^%o Z (k) £s£g|57 3 1 Tfi, SlSfl^t u 
30 n (k) i:ft*Pff^gn (un(k) ) fr<3, Su.(k) 
ML a (0<a<l) «r^*L, mmm^v b)Vt L 
T 

z (k)=au (k) + g (k) 
Z (k) = [ z (k) - z (k-p+1) ] 

^fl^J;*3t/J^V>M^^h 1 'l/ z (k) ^fiKb. 
HK«KEffl«^frWZ (k) *Sfe«-r*. X (k) £/« 
S15 7 3 2 T*t± 

5C (k) = U. (k) + g (k) 
40 X (k) = [ x (k) - x (k-p+1)] 

mWrtWX (k) ^fiK-T^o a«fee.A^i;i6 

[0 0 2 9] MM^^ h/l/£iicg|57 3 5T*li> Ctl^T* 
cD^Sff^e.PM^^ b)l> 

e T (k) = [y (k) -y (k-p+1) ] -w T 
(k) X (k) 
^fiKL. «IE«a»mgP7 3 3T*«Z (k) , X 
50 (k) fcgSM^ h/l/fre^IEfflcD&f&fre&S^ h 



-8- 



(9) 



2002-223182 



15 

c = (X T (k) Z (k) ) e (k) 

hflZ (k) c %j£tb 

w (k+1) = w (k) +/iZ (k) c 

;i/:*uXA£<3£A,££fc&&tr\, ftfe^i' hi/4 

fiStSB 7 3 5 T*«, 3 *W±OS#»7';b=r U XA<9i§£- 70 
g|flS0lj2 

N (>2) *>KO?f£&i:M i ) ^*iMt/©lK 

u(k)+ g (k) = [u(k) u(k 



f+^;l/X3- ^-v>-fc/WSP7o *Ix5 0 N^- 
13- 4 i -r>-t/l'gP<OF«9a5tt0 9^ 0 1 OlC^LfcJ:? 

[0 0 3 0] 09^N^-V^.;b^Zi— ^-^>-fe;i/gP7. 

x (k) = u (k) + g (k) 
<0<fc?{c£f£;*nSo COWji^h*!*, SIS® 

ta (k) , t_x (k- 1 ) *#IS{C AnfcH^C, 

[003 n 

[»4] 



+v(k) 



Lu T (k-i)j 



(1) 



[0 0 3 2] <D^otcW±m^^bMc^n u 

(k) , t_i (k- 1 ) cD^-T^PStCit^-rS^^ h/l/ 
£LT v (k) *^46^n^o U (k) = [ u 

(k) u (k-1)] i:*5^, ±SCKfi*>6U 
T (k) 

[0 0 3 3] 

DR5] 



38 



U T (k)(u(k) + e (k))=U T (k)U(k) 



OB«fr6, so 
[00 3 4] 
[R6] 



si tt 



(U T (k)U(k))-'u T (k)(u(k)H 



8 (k)> 



(2) 



) 



[0 0 3 5] ti«$5o ^h;l/u (k) , ★c©fc*3^«^*h/l/©»^fr&**j«#%l- 

u (k-l). v (k) OHffittH 1 l tc^-r*? bflS-rscfcTf, Wio1JMHfcWr*S83S©^ilMBOJt* 

x (k) JiSISflMt tf/frStHKES*"** 

h/KD$&JBfaso u (k) + si u. (k-l) [003 6] 

t. Ctllcm&tZU? \-fV v (k) C»»1?S8, ★ [&7] 

v(k)4-(l-b)U(k^j 

= u(k)+ g (k)-bU(kXU T (k)U(k))- , U T (kXu(k)+ g (k)) - (3) 



[0 0 3 7] tf£firC'£5 0 C<D^©^iZ!(Dm 1 
1S®^? b^m^it-S-T'&Stf. U (k) SrrBf 

s^^^h/i/ z (k) as (3) to^ja*^^<*!)en 

5o fc7£U b(±&e>frU46f8^2*lfcO~ 1 (Dffim<D 



Z (k) £fi£g|57 3 HCTfTfetlfc©^, 

X (k) = [ x (k) - x (k-p+1)] 

Z (k) = [ z (k) - z (k-p+1)] 

e T (k) = [y (k) -y (k-p+1) ] -w T 

(k) X (k) 

c = (X T (k) Z (k) ) e (k) 
50 w(k+l)=w(k)+/iZ(k) c 
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[0 0 3 8] mmm3 

"To 

*;I/OSBiBf un ( k) fc«l»S»^©fca&<D 

f«I§gn(Un(k)) (n=l, N) ^6, B£« 

^Xn(k)fctfiEflI«#Zn(k)* 
Xn(k) = Un(k) + gn(Un(k)) 
zn(k) = a Un(k) + gn(un(k)) (n=l, 
N) 

fc:cfeO£«"r*o ftJ£LattOJ:0**< lttTO*T 
cn£<t^x n (k). zn(k)«\ L-9">y;bS(c 

>Cnf (k) =diag (FFT ( [x«(k-2 L + 1) , 

Xn(k)] T ) ) 

Znt (k) =diag (FFT ( [zn(k-2 L + 1) , 
zn(k)] T ) ) (n= 1. •••• N) 

(WSflWTX.f (k) ^wnf (k) 4ffltfSCk 

v7*j\/$9Btmtz>o co7-r;i/*iaai»**a8F ft 

fflSU «FM««"eOfi^^h;l/y "n (k) (n 
= 1 , N) *f#£ 0 

y *n(k) = [Ii Ol] IFFT (X 

nf (k) Wnf (k) ) 

fc7£U Ol (iLxL^?fm I l fiLXL(?)f 

P<k)--*-«J I ^ 
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*fl»"**h;l>y "n(k) (n=l, N) «r*PgtL 
T, »{ttxn-«#co^»h;l/ y ' (k) SrffSo 

y * (k) =In = 1 N y ~n (k) 

«pM««k:Til2*«#^*h;l/y (k) £^{eix:n- 
<D^b;by " (k) *^Rllf^^h;l/S:S«), 
*OKfS«^* hWFF TtCcfcO«»aai«K:SJft 

ef(k) = FFT ( [0, 0, y T (k) - y " 
70 T (k) ] T ) 

y (k) = [y (k-L+ 1) -y (k) ] T 
-Cg>K>. FFT [ ] tpCDOOymtLmV&Zo 
[0 0 3 9] Xf7^5 

mmm^ etiut miEmm^ z n ( k ) *h«r««-c«i 
iu ii^wHwnf (k) *s«)5o a»a« 
«Tz%f (k)fc ettkitwu 

F F TLTBMH««fclH*U *<&M¥OLffl£BUtJL 
T v *nf (k)fc-TSo 
20 Vnf(k)=[lL Ol] IFFT (Z 
*nf (k) e f (k)) 

S(CCO v nf (k)lCLffl<O0*»IS*LT. FFTtC 

dwnf(k) = FFT ( [vnf T (k),0, 
0] T ) 

fcfc Z *nf ( k ) ©*J*#tt«lEfflfl» Z n ( k ) 

esfeasnfesw z nf (k)*j«5j'0«*«f8'efeSo 

Xf7^6 

30 Wnf (k + L) = Wnf (k) + F> (k) d Wnf 

(k) 

fctcLftW IP (k) 14. 
Hk8] 



pCk.D + 5 p(k.2L) 



pdei) = Pp(k -L,i) + (l-P)£| T(X rf (k),i)T(Z„ r (k),i) | (i = 1, - ,2L) 



XT*&3 0 BB&T (X*f(k). i) ttffWXnf (k) 
©(I. i) #BOB**§l#aUTV»*. «tt»«*« 
0K**ci:*l»il:-r*fci6O*'h*]E^ft-e**« fx 

?ip (k) 4>© P (k, i) it, xiimmx^hji 

>Cnf (k) tmiEfa^^^ h)V Z of (k) <D*n 



[0 0 4 0] NftWin- >]/$!> 7 m<Dlgk& 

OT*TF««f8 8 1 nit. H4*OTFa«»4 4 
ntC*fJSLTV>£„ §|g«^-un(k)trt±JaSS8 1 1 
nfciOttftHB^gn (un(k)) MoS^tiTS^m^ 
x„(k)tf£fi!cSn> ^«^xn(k)tiT vm*»8 1 
2nCiotX.i (k) Kg****. £fc§iS<i*§- 
un(k)Ciigt8§§8 1 3 nfCkD ate CfcTSUattOfr 
50 £ 1 Of) £tu *n»S§8 1 4 n«c«fc »>f«Hra«*tg 
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n (un(k)) #*P»2nT«IEffl{Il§Zn(k)tf£fi!t£ 

n-5„ &IEffl«#zn(k){±TFggSgB8 1 5ntc<t0 

z.f (k) ics&sns„ >cnf (k) f±7-<;b^ia 

«» (Sfl»x=i-ffl^£j8») 8 2nlc, Z.f (k) 

JQ9tt8 2n, F TS8tff8 3 ru 1* h;I/*P*SP8 4 

fiR^nSo T^^D*^3»^e.<DlR^<i#y (k) 
{±, 7n>y 7{t$8 5T*L+r:x:/;l/C'£tc:7a-y?{fc£ 
ft, X7-v74lCLrctf-3T^? K;b!gElCg|58 6(CT^ 

h;n*TF««»8 7T«iSfWH«'\a*«n*. 

;P^MfTgl58 8 n (n=l. -. N) It. 
6ELft^TWaMWT?w.f (k) fcJHffrSC 
£T% StSy'i'/l/^^Mff-r-So :7^;l/£M#fg|5 8 8 n 
«s 01 3 A ic^rr J: a tc, gSMfl^ef (k)£igIEffl 
h;l/Z»f (k) tf^jE^ r-/l/£fi£g|3 8 8 1 

Wnf (k) tfHjT^tU COfeJE^t h/16 w 

nf (k) K«fc»)j8KfcM*f*8 8 2 nKfeV^Ta«««« 

T*ii<HjgS*l&0)^>;Vl/XjCS^#wnf (k) fr<~> 

Wnf (k + L) KMffSttSo 

co o4 1] cvmc xj]mn<D&mt9nm*fi5® 

&lt. d Wnf (k) ICttL. 1T?>J F> (k) 

IESP8 8 3 nT-MiELT. ^SSfgR8 8 2 n^GH^r 
&o 1T?U F» (k) m 1 3 BlCTFitZolC 

>Cnf (k) . Z nf (k) <D&iSE<DWm 
F-;W (i = l. -. 2L) C*i;lc^ffgP8 8 4 nt*S 
»L-T*nXX^ F/^*46. Ctie^nXX^l- 
/v*1mW& 8 8 5 T*^+ */iWtbnm U c ©fasti 
p' (k. i) £. tuIelcTDStfJS^-S (ifg©) ^ax 
X^ ? r- ;l/OSBf NPF£fl| p ( k - L , i ) i: ^spt&ft 
SP8 8 6T'??fIt¥^^n. 4"Ih1<D i #S<0^aXX^^ 

h /Heliums p (k. i) t?%o comm^mtm 

^tf /S p (k-L. i) + (1-/3) p' (k, i) = 
p (k, i) ft** It 0 ~ 1 <»mx*%> K> . p (k, 
i) (DmtiWffiit-StiZo MlcctiC^ i #S«0^aX 
x-** h;l/3®«fM 5 P^<OiS!SctcXv 1 y^-9--<XM* , *» 
£nfc&ffi#gjg^3ttft?T?iJ F> (k) tfttiEfTM 

[0 0 4 2] glflBffN 

f LMsmis&unffim3<D^mt, mm? -am as 

SBM^^gBf^t (sil|<?301J^{f 3 0 0ms yLtlc&Zfc 



(11) 13MPI2 002-223182 

20 

OH«f«S feffi < & £ tfr-f * a * >#®j 

<&HLTx3-i|£&cD^14tfgi&-r<5i:> in-A't 
CJCtirl^Sn&V^IItf^DSo £i!i*J.S.Soo and K. 
K. Pang, "Mu I tide I ay Block Frequency Domain Adapt iv 
eFilter. " IEEE Trans, on ASSP, vo I . ASSP 38, no. 2, pp. 3 
73-376(1 990) T'lt. W -7^W (WTM 

DFi:BS-r) *fc^T, fflaJB8E*<*#<BRU-h 

mti&mm&m-vit. m^^m^-^-^yy-t 

•/MZL. tfgiJ&^D (fcffLL(±DT«iJ»)«nS) „ 
L' = L/Di;-f MDFffiTttL' +r>://l/§{c 

JXT©X-r v r> ICM D F ffi £iSSi=rfc>-tJ-5 C i: T% 

[0 0 4 3] Xfy^l 
20 ^•v*;l/CO^IS{l^un(k)i:fflH^i!iaiScO/c46cO 
f«f*Dffi^gn(un(k)) (n=l. -. N) frh. PI£<I 
^xn(k)i:*KEffl<i<*zn(k)* 

Xn(k)=Un(k) + gn(Un(k)) 

Zn (k) = a Un (k) + gn (un ( k)) (n=l, 
N) 

dne»xn(k). zn(k)^L' -9->y;i/Sfcs^ 
2L' (omn^hMzy- uveitis, fft^^^ 

T 

50 >Cnf (k.D) =diag (F F T ( [xn(k-2L' + 

1) , -. xn(k)] T ) ) 

Znf (k.D) =diag (FFT ( [zn(k-2L' + 
1) , -. zn(k)] T ) ) (n= 1, -. N) 

G»C7w^) StiLTfet). D- l{@lu*T'itlt^ 

X.f (k.d) = X,f (k-L' .d+1) (d = 
1 , -. D- 1 ) 
40 Znf (k. d) = Znf (k-L' . d+1) (d = 
1. -. D-l) 

X^-y7 p 2 

F T&JIU ^^-r<0<s#-<^ h7l/y "n(k) 
y ~n(k) = [ I l* O l ] I F F T (Zd=i D 

>Cnf (k, d) Wnf (k. d) ) 

50 fc/cU Ot liL' XL' 0)^|ff?iL I l • (± L ' x 
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m^tbfry ~«<k) (n= 1. N) **DSL 
T> gft|X3-fI§^h/l/y ~ (k) SrffSo 
y " (k) =Zn=i« y % (k) 

e f(k) = FFT ([0, **•, 0 , y T (k)-y~ 
T (k) ] M 

y (k) = [y (k-L' +1) **y (k) ] T 
Tfet), FFT ( [•••] ) rtO0(0»[±L' fiTfe^o 
[0 0 4 4] Xf7y5 

M 
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« h;l/d wnf (k) ^r*a6^>o 

Vnf(k,d)= [ If Of] I F FT ( Z *nf 

(k.d) esf(k)) 

d wnf (k. d) = F FT ( [vnf T (k,d),0, 
0] T ) (d = 1. D) 

fcfcUm Z *nf (k)0**»ttfJW Z nf (k)*j« 

»o«*«S-e*t), fft ( [ ] ) rt<90<£>&ii 

L' <1T&£ 0 

wnf (k + L' , d) = wnf (k, d) + F> 
(k) d wnf (k, d) (d = 1 , D) 

fc/EU F (k) ti\ 
[f*9] 



p (k, i) - p p(k - L\ i) + 0 - P)£ £|TCX rf (*^). OTC^rf (k,d), i) | - 1.- - • . 2L') 



[0 0 4 5] Hflfi«U4 0N^^*;bxn— *^>-fe;l/gp 
7mrt3$kL H«iflW3i:lRl«JcHi 2Jc^Lfc<fc«5ft« 
ftl«««:i:So §IS{l^un(k)tctij!iagf§8 1 1 nlc 
*0ftin«#gn (un(k)) ««4pJI«tiT. I¥3£<i^x 
n(k)»^n, M^TF^»SP8 1 2 nJCcfcoT 

Xnf (k) (C£!fe£n«. */£:SIS<i#un(k)tt« 
Sf§8 13nlciDafi (fcfcL a 0 fr£ 1 cofil) S 
*U *n»#§8 1 4 nK<fc9tt*D{I#gn (un(k)) tf*P 

i^nr, mJEmm^znik)tfi§=f$,znz> 0 Zn (km 

T 1 5 nlc<fct) Z nf (k) lc2ft«n§ 0 

>Cnf (k) \Z7 4 foZWmUS 2 n'V Znf (k) 
tt^-Ol/^MfrSPS 8 nfc:»Sft£o 7 -T fr* jfiSSP 8 
2ru FTSE»SP8 3 ik h/MraJ*«8 4 Ttt. X 

S c v^n*>3«^£<DiK§fI^y (k) (i. :/n 

h;Mra»8P8 6tcTS<ttxn— b;l/£<o 
R«tffc6h, T F£ftS8 7 -CHJfi»«*^*««ti 
So 7-fWSIf»8 8n , ettXf7y5, 6£Lfctf 

;l/#lco^T, ^«v*;l/^0<D5ajS7>r;l/*S*Li:-r 
Si:. L^^y^eoaHttxn— «#**m-r*ojc*& 

NLMSSm N L ( 2 L 

+ 4) -e**. — **«4o^rffi-eiesiifca«aj» 

<085»gtt:NL ( (4D + 8) 1 og2 (L/D) +1 
5D+5) T*&3o ***t\'M*)0X&l&7'rfrjt#y7 
$LttL= 1 0 2 4 J:*-**:*. Hfifi«l4 0^ffiTaiJCE7 



NLMSj*fcJ±tKLTffi<»*fc*3U FLMS}££it 
[0 0 4 6] W±a^ft*5 KC©«fl8H:Wft«^x 

n(k) fcit«LTf*ftlfi^gn(UB (k) ) Oft**** 

&*m&Wfc^%>rc*b<Dm\E^>? h>Vd w (k) 
fc«KJMTfc*0«H^IB«ttfll!T*o Sl-SNft 

ui (k) -un (k) 

m 1 ~JSN**iM/©*f^«** 

gi (ui (k) ) ••• gN (un (k) ) 

Wn = [wn(0)-Wn(L- 1)] T (n=l. 

N) 

Xn(k) = Un(k) + gn(Un(k)) (n=l, N) 

zn(k) = aun(k) + gn(un (k)) (n=l, ••*, 
N) 

tL. ^n^n X n(k)^fiKgP9 K Z n(k)£/£Sf$ 

9 2t 

X n(k)= [ X n(k)"' x n(k — L+l)] T (n = 
50 1. ■ -, N) 
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z n(k)= [ z n(k)'" z n(k-L + l)] T (n = 
1. N) 

COO 4 7] j|K«ciR«Stite«#y (k) fciSJS^-r 
/I/* (»«i3-ifS«») 9 3lc<fc^»J£nfc{I 

* (k) £<Dge (k) »JVff9 4ICJ:9 
e (k) = y (k) ~Zn=1 N Wn T (k) xn(k) 
fc*»*o CO^Mfl^e (k) fc«HEffl**^*b/l> 

9 5 T 10 
dwn(k) = e (k) zn(k) (n=l, N) 
**»5o &^*/b<^ig&:7^l/*9 3<D06&£ril# 
M$rgP9 6tc<fc9 

A^V n ( k + 1 ) = W n (k) + fl d W n ( k ) ( n = 
1. N) 

3o ft*«iEffl«^0*J«ttzn (k) =Un (k) + b 
gn (un(k) ) (n=1.---. N) , b> I tLTt>& 
l\ 20 

[0048] ®momMM ( i ) 
fc^ir*;b • ^s-^y^icmmm i 

»»*8kHz£»5eu ^«:n3-iHES*:LTge»$ 
02 0 0ms OSPSTSISBI L fc^rtfiiSHft* 7 0 0* 
y^fcff^ftlotftfflLfto «StBM—3£<0 2 
SSHl^ti. 2*O4 0dBSNR^*ot^# 

[0049] ffinglMUIi: lt, *iftSEJs«c«ra 

gi (u (k) ) =d (u(k>+ I u(k) I) /2 
g2 (u (k) ) =d (u(k)-lu(k) |)/2 
*\ d=0. 2 6tUffl^. HBStttett. ^S^n 

X4f5x.M* h/bw' (k) fcO*B»«fl 
I hi - w' (k) I / I h I 40 

[0 0 5 0] f*i0«^aLT«*O2*«IBT^=fUX 
A«:^ = 0. 5T*affll/ci^ (A) , Wftn«^*lra^ 
T«£*O2^»»T;l/=fUXA*M = 0- STifflUc 

«^ (b) . <KD¥zw<Dmmm i<D^m*p = 2. a = 
o. i, ji = o. (o omfcy^ti' 

*<D2*»«7 F ;l/=fUXATtt, «»K»ttt&aL*^ 
tO^a^W^T*, 1 0 s»tD0KftWII«-7. 0 
dBSJg(C^^$^ 0 L^LCO^^Ccfcntf. 10 50 
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s»<0«aR|gtt- 13. 6 d B^-eK^U £<D5£W 
[00 5 1] jftgOHBEglJ (2) 

mmcmm-> $ * i>—> a rcmmzm i 6 

2 0 0ms 4>»JgT'H»J LfcSrt£aBI»* 7 00^7 
2 ^ ui (k). u2(k)tt, 2#<DV^ 

^t)5 1 2*7^KU Se^ai^T/l/dTUXAhL 
TNLMS^FLMSS^lffll/ci^L 

gRP. Eneroth. T. Gaens ler, S. Gay and J. Benesty, "Studi 
es of a wideband stereophonic acoustic echo cancel 
er, " Proc. 1999 IEEE Workshop on Applications of S 
ignal Processing to Audio and Acoustics, pp. 207-210 
(1 999) X* *> "6 1/ > 6> tlT^Z ¥»fi»E#5£ 
gi(u (k)) = d (u (k)+|u (k) | ) /2 
g 2 (u (k) ) = d (u (k) - I u (k) I ) /2 

m&±Mfam<DlZ£A,E%:^6 =0. 2 6 TiSffl L 
/co 2^-^*;l/3i3— +^>-tr;bg|5^\coA^ti 
xi (k) = ui (k) + gi (ui (k) ) 

X2 ( k) = U2 ( k) + g2 (U2 (k) ) 

£Lfco «BEtt««i, S»x=i-«»<0-r>/Vl/X^«F 

iSFSMWcoiSfel/r h fclMX****.*:'**!*;!/ 

w' (k) toffi««il 

I h-w' (k) l/l h I 

TWffliUfco mum^hn^rm^oN lms T;i/df u 
XA^/i = o. 5T*lfflLfc^ (a) . ttimm^tetin 

^TFLMS7;l/^»JXA^/i=0. 5T«L/ci^ 
(B) fcCCD«WO*«ifl«4©#tt*»W»D = 4. a 

= 0. i, ^ = 0. s-eafflLfc«-& co <oss*S7-< 

tt*ONLMS7;WJXAm ffiftRSttfiftLft 
^fcOOii^ttlB**^ l 0 s«Ofla»RS6«-6- 
0 d BSjgtC^H^O. F LMSffi*fe"6^Sfcfifeft 
&3£*D«SKMfcl*l- l 2 d B$T*>t^» 0 e<9 

»w*fliW2<D*}i»c*n«rH ios«o«BBRan? 
zic&TLm- 1 8 d Btc*-e«^«o 

[0 0 5 2] J^fcfe^TttSBIftWllOfll^tO 
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SWJ^fc, SB«^ui(k), un(k)«;A2J»2 
l*t)A*J**U iSxn-ffy (k) CiA^SP2 2 

/WtMz (k) 04*, a<ttsw«iso**, 

;]/<D»ttk £jE"<* h/Wc<fc DUMSSK^^y/^ 
JSCTfflV^T. BKlAO^ty 2 7*C*&Jrt 

CD-ROM. «*-7 f >TX^*SV^iii«(Hl»*^'0 
[0 0 5 3] 

T/bdfyXAlc^tK £*-**Jl> • xn- JBS*ttO« 
tile J: D * ««n?B«««ft« L»B«#<D«SfflBI#S 
[0 1] ^^^*;l/X3-fB*»«^-«W«***"i" 

0o 

[0 3] 0 2 fpCDxn—^Ji^ 4 3 <D«tHfWt*^ 
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[0 4] ««|^«TajC7^;l/*!Elff«ra«ff'5«* 

[05] &g&mmcwi\\m^*tmx.r^ ^t^x^ 
-w^«o*)«*^"r Ho 

[07] sige^c^^^Mfi^^- oaifi) ^ 



10 0o 



[0 8] CO«^3BfflStl/£:^^*;l/X=i- 

[09] H7*OCfl!)SM8»c<fe*N*-v*;l/X3— 

[0 10] B9*<0X3— 3g»J6^a$7 3O«flHBfifc0!l 
^^*T0o 

[011] if£fi^<* h;l/«:SiS«^* 

0o 

20 [0 1 2] affl7^;i/*©3BR»a*i>iftR* J *^^ 
[0 13] AttHi 2^07^;l/^seWSI5*ieu:*t«fc 

[014] c^Kwos*wa«««iric*^'rHo 

[0 1 5] 8»»!:coW!l*» (HflWHl) lcj;3g§ 
£r^-T0o 

[01 6] «a^co^a SSflMBM) 

30 fitx3-«Kco-r>/^bxjs^»it^a^rasis 

[017] c^58HB««*3>fcJ^-*^«fct>*frS* 



[0 1] 



[0 2] 
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V 



I 



w(k+1) 



i 



41 



5E 



02 
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[03] 



rr t — 



432 



,431 



^21 



433 



w(k+1) = w(k)»xiX(k)c 



f§IEf$£Sl&tij§6 
c = (XT(k)X(k))-ie(k) 



I 



^1 



434 



[06] 



fit 


-5 


SB 








SI 


-10 






CdB] 


-15 



-20 




B i 



4 6 
1 [s] 



10 



[04] 




mm® 



46 1 -4€ N /\ 
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15] 



[09] 



w 



■ ^ -gn^NOO) 



1 N O- 



5 m O 



yQO 



3 m 



gi(uiW)---9N(i*iW) UiW 



73 





w(k) 












-16- 



(17) 



fifM 2002-223182 



[112] 



9i("lW) 



9 n ("nWJ 



9n("nW) 




1 3] 



CHI 7] 



881 n 



863n 



T 

e,(k) 



r 



882n 







dw nf (k^ 


SIIE8B 













"iW u N (k) 



21 



24 



1_L 



22 



r>—om 



25 



27 



23 



26 



T(X 1f (k),0 



T(2, f (k).0 
i 



T(X Nf (k),Of 



886 


P(M) 

L 


8 

IE 


89 






?T 

SI 










r 


SB 





P(K2L) 



317 



313 
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92, 



91, 



am*? hi, 
f — ^~ 



m i 4] 



dw(k)^ 













95 



76 



014 



"loop 

x 94 



"nOO 



92* 



91k 









£6SS8 
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